Hybridization of silanized CB/PCC filler reinforced NR/SBR blends was prepared on a two roll mill. The si-CB/PCC composites were vulcanized via a conventional sulphur system at 180 o C. The primary aims of this research are to scrutinize the effects of different concentration of si treated hybrid CB/PCC fillers ranging from 2 wt. % to 10 wt. % on the NR/SBR blends properties towards the curing characteristics, viscosity and crosslink density. In this work, a positive correlation was found between silane content on the hybrid filler surface and NR/SBR blend properties. It was found that at 6% of Si 69 concentration (F4) provided improvement in crosslink density and mooney viscosity properties. Increment of crosslink density in the blends would increase the viscosity and it may be due to the network formation between the treated fillers and rubber molecules. Moreover, the incorporation of treated fillers accelerates the curing process due to the surface activation and hence leads to tightly contact between filler-rubber phases.
INTRODUCTION
Polymer blending is an effective technique to achieve the industry needs for a specific set of process-ability, physic-mechanical behaviour and also the cost of end rubber products. Styrene butadiene rubber (SBR) and Natural rubber (NR) are conventional rubbers that are widely use due to their good abrasion resistance of SBR and excellent stress strength of NR. However, there are deficiencies in some aspect that limit the range of their application. Many studies have proven that blending of NR and SBR was improved the balance properties like heat build-up, abrasion and aging resistance. The properties of cross-linked NR/SBR blends become more interesting with the incorporation of particulate fillers such as carbon black (CB), precipitated calcium carbonate (PCC), clay, etc. [1] [2] [3] [4] . Fillers give a reinforcing effect and increase the performance of polymer blend. The efficiency of filler depends on a few parameters such as filler structure, size, dispersion, surface activity and bonding quality between Letter filler and rubber phases [5, 6] . Reinforcement can be defined as the ability of the reinforcing agent to enhance the unfilled rubber blend properties such as tear resistance, tensile strength and abrasion resistance.
Carbon black fillers is one of the types of reinforcing fillers that is used to improve the properties of rubber system. It has a relatively inactive surface and less polar towards the OH-group of precipitate calcium carbonate and non-polar phases of NR and SBR matrices. Calcium carbonate is a mineral and semi-reinforcing filler that has attracted interest as it is plenty in nature and of its low cost. Its structure consists of carbonyl (-COH) and hydroxyl (OH) groups. High amount of polar group on its surface increases the surface activity and has a high tendency for filler-filler agglomeration in the rubber matrix. Enhancement of interaction between different polar materials is needed to enhance the optimum interaction between hybrid CB/PCC filler and NR/SBR Siti Nur Liyana Mamauod, Basirah Fauzi, Nor Atiqah Suhaimi, Roslinda Fauzi, Ahmad Zafir Romli phases by employing a silane coupling agent. The good interaction between both CB and PCC gave a co-reinforcing effect to rubber matrix. The degree of adhesion of the matrix -filler interphases is one of the important parameters that affect the performance of rubber composites [7] such as crosslink density, mechanical and rheological properties.
In order to have the optimum interaction between filler-rubber phases, bis [3(triethoxysilyl) propyl] tetrasulfide was used as a coupling agent to treat the filler surface and enhance the distribution of treated fillers [8] in the rubber matrix. The amount of silane must be just enough to provide interactions between the non-polar rubber blends with the polar fillers. The mechanical and physical properties of the rubber blends are dependent on the strength of the chemical bonds produced by a silane coupling agent.
In this work, different concentration of Si-69 solutions ranging from 2 wt. % to 10 wt. % were prepared and use to treat the surface of CB and PCC fillers. The optimum amount of Si-69 used to improve the interaction between rubber and filler phases as well as the effect of different Si 69 concentrations towards the cure characteristics, mooney viscosity and crosslink density of Si69-CB/PCC reinforced NR/SBR composites were studied.
MATERIALS AND METHODS

Materials
Natural rubber -SMR 10, Styrene butadiene rubber (SBR 1502) and epoxidized natural rubber (ENR) was supplied by Malaysian Rubber Board (MRB). Silane coupling agent type Si-69 (Bis [3-triethoxysilyl] tetrasulfide was purchased from Sigma Aldrich Sdn. Bhd. Other compounding ingredients include precipitated calcium carbonate, carbon black, CBS, zinc oxide, stearic acid and sulphur were the grades customarily used in rubber industries.
Methods Part A: Surface treatment of CB/PCC by Si-69 solution
The Si 69 solutions were prepared at different Si 69 content from 2 to 10 percent by weight (% wt.) of the CB/PCC hybrid filler. Si 69 solution was prepared by diluting a specific amount of Si-69 content with ethanol. These Si 69 solutions were used to treat the surface of carbon black and precipitated calcium carbonate filler. For instance, 2 %.wt. -Si 69 solutions was prepared by mixing 1.8g of the Si 69 and 100 ml of ethanol together and stirred for about 30 minutes. 90 g of CB/PCC filer was added into the Si 69 solution with a further 15 minutes stirring in order to ensure a uniform distribution of the coupling agent on the hybrid filler surface. The treated filler will then be dried at 100 o C for 12 hours in an oven until it achieved a constant weight by complete evaporation of the ethanol. Similarly for 4, 6, 8 and 10 %.wt. of Si 69 solutions were prepared by varying the initial Si 69 contents for 90g CB/PCC hybrid filler using the same procedure as stated in Fig. 1 . 
Part B: Preparation of Si 69 treated CB/PCC reinforced NR/SBR Composites
It is compulsory to do mastication process first before proceeding to another process in order to get better dispersion of compounding ingredients into the rubber matrices. Mastication process must be done in order to break down the high molecular weight, long and entangled polymer chains to ensure the compounding process can be done smoothly. The compounding process was done at room temperature by using a laboratory two-roll mill. The compounding process of the reinforced NR/SBR blends is as shown in the Fig. 2 . The rubber was masticated for 5 minutes and the accelerator (ZnO) and co-activator (stearic acid) were added and blended for 3 minutes. Next, the blend was mixed with the specified content of treated 
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ing agent (sulphur) was mixed and the unvulcanised was compounded on for 3 minutes, and the compounds were then sheeted out and kept overnight before further use. The Si 69 treated CB/PCC-NR/SBR composites formulations were presented in Table 1 .
CHARACTERIZATION AND PROPERTY MEASUREMENTS 3.1 Determination of cure characteristics
Cure characteristics of all rubber composites were determined by using an Oscillating Disc Rheometer (ODR) before the vulcanization process proceed. ODR follows the standard of ASTM D 2084. The ODR plots a graph of torque versus time at 180oC. A few data obtained from cure curves which were the optimum cure (T90), scorch time (ts), minimum torque (ML), maximum torque (MH) and delta torque.
Determination of viscosity behaviour
Mooney viscosity test was carried out to measure the viscosity of reinforced compounds. The test provided some information such as Mooney peak, Mooney viscosity and stress relaxation. Uncured samples were cut into cubic shape with weight about ± 10 mg and measured according to ASTM D 1646 at 100 ± 0.5 o C for 8 minutes.
Determination of crosslink density
Swelling measurement was conducted based on ASTM 471. The compression molded samples were cut with dimension (2 x 2 x 2) mm 3 and weighed and immersed in toluene at room temperature for 24 hours before the first reading was taken. The weight of the sample was recorded until the reading reached an equilibrium state. The crosslink density was calculated by using Flory-Rehner equation (Eq.1).
Where V r is the volume fraction of rubber; ψ is the rubber-solvent interaction parameter; ρ is the density of the polymer; and V o is the molar volume of solvent
RESULTS AND DISCUSSIONS
Fillers play an important role in the viscosity, rheological and physics-mechanical properties of rubber composites. The presence of fillers also influenced the processing characteristics and reduce cost of the produced composites. The effect of untreated and Si-69-treated CB/PCC fillers on the viscosity properties of composites was studied by conducting the viscometer measurement. Mooney viscosity is a test conducted in order to determine the viscosity of the uncured rubber and at the same time determine the quality of a raw rubber. This test is also important for characterizing the rubber because the characterization of the rubber has important meaning for both rubber processing technology and for resulting properties of rubber goods [9] . Fig. 3 indicates the Mooney viscosity of treated CB/PCC fillers at different silane loading reinforced NR/SBR blends. The torque readings are taken for every five seconds. Based on Fig. 3 , the line graph shows four phases of the Mooney viscosity curves where the values decrease with time, which indicates that its readings are decreasing with decreasing material elasticity. The measured viscosity decreases with time due to the thixotropic nature of the rubber [9] . Phase 1 is called as the Mooney peak in which it is the initial peak viscosity at the start of the test where the green strength of the rubber is obtained. Green strength is the measure of the resistance to deformation of a rubber stock in the uncured state. This phase also indicates the maximum torque of the rubber blend. In this phase, the initial torque is high since the rubber blend is still hard and not fully heated and the torque will decrease when the rubber compounds become soft due to prolonged heating [10, 11] . Rubber sample with 6% silane loading shows the highest reading compared to other samples with different silane loading.
In Phase 2, the rubber blend started to melt and flow after being subjected to heat after several seconds. Mooney viscosity depends on the molecular weight and molecular weight distribution, molecular structure such as stereochemistry and polymer branching, and nonrubber constituents [9] . The viscosity of the rubber gradually decreases with time. It can be seen that the viscosity of rubber samples of 4% and 6% has higher torque reading than other samples. Optimum loading of 4% and 6% Si-69 can be 
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recommended for the improvement of the Mooney viscosity. Beyond 6% Si-69, the maximum torque as well as the viscosity of the rubber sample shows a decrease in the values obtained. The decrease in the viscosity of the rubber sample as the amount of silane increases might be because the presence of silane coupling agent has increased the mobility of the rubber and filler particles networks which cause the plasticizing effect to the rubber blends.
At the third stage, which is Phase 3, the torque readings decrease drastically when the rotor has stopped. This is due to the stress relaxation of the rubber sample which is the response to a sudden termination of deformation when the rotor of the Mooney viscometer stops. Even though the rotor has stopped, the torque still continues showing the reading of the viscosity of the rubber at Phase 4. At this stage, the polymer chains inside the rubber matrix start to relax after the shear force applied to the sample has ended causing the entropy of the rubber sample to slowly increase. The torque shows constant reading when the rubber sample reaches its minimum torque value [9] . Table 2 shows the cure characteristics of NR/SBR compounds reinforced with treated of Si69 on the CB/PCC fillers. Additionally, both carbon black and precipitated calcium carbonate are treated at different concentration of Si-69 ranging from 2% to 10%. The cure characteristics which are minimum torque (ML), maximum torque (MH), delta torque, scorch time, optimum cure time and cure rate index are summarized in Table 2 . The increasing and decreasing values of ML and MH shows that concentration of Si-69 structure would influence the viscosity of rubber compounds where Si-69 structure tend to react with functional group of both filler and itself. There are two possible mechanisms that occur dur- Table 2 shows the cure characteristics of NR/SBR compounds reinforced with treated of Si69 on the CB/PCC fillers. Additionally, both carbon black and precipitated calcium carbonate are treated at different concentration of Si-69 ranging from 2% to 10%. The cure characteristics which are minimum torque (ML), maximum torque (MH), delta torque, scorch time, optimum cure time and cure rate index are summarized in Table 2 . The increasing and decreasing values of ML and MH shows that concentration of Si-69 structure would influence the viscosity of rubber compounds where Si-69 structure tend to react with functional group of both filler and itself. There are two possible mechanisms that occur during the surface treatment stage. At low concentration of Si-69 which is at 2%, Si-69 has high tendency to react with hydroxyl (-OH) groups of both filler. This interaction would give a flexibility effect to system whereas at high concentration, Si-69 may react with the OH group of fillers and itself to form a complex structure known as siloxone. The formation of silixone in the rubber composites may be contributed to the increase of viscosity. There are difficulties to control the reaction between filler-filler, filler-silane-filler, silane-silane and filler-silane-silane filler causing a fluatuating of ML and MH values. Both untreated and treated composites have shown that there is no significant effect on the scorch time and optimum cure time. The curing time for rubber composites to cure is about 1-2 minutes.
Effect of different concentration of untreated and treated fillers reinforced NR/SBR matrix towards the crosslink concentration is shown in Fig. 4 . Crosslink concentration of rubber composites decrease with the addition of 2 and 4% Si-69/ treated CB/PCC filler loading. At 6% concentration of Si69, crosslink density increases to about 15%. Up to 6% of Si-69 treated CB/PCC filler, 30% reduction of crosslink density occurs due to the weak secondary and tertiary bonds of hydroxyl group of Si-69 and rubber phases. These types of bonding are weak compared to the primary hydroxyl group.
CONCLUSIONS
In this study, the Si69 treated -CB/PPC composites were successfully prepared. The amount of Si 69 requires to improve the interaction between polar and non-polar materials is identified based on the ing the surface treatment stage. At low concentration of Si-69 which is at 2%, Si-69 has high tendency to react with hydroxyl (-OH) groups of both filler. This interaction would give a flexibility effect to system whereas at high concentration, Si-69 may react with the OH group of fillers and itself to form a complex structure known as siloxone. Effect of different concentration of untreated and treated fillers reinforced NR/SBR matrix towards the crosslink concentration is shown in Fig. 4 . Crosslink concentration of rubber composites decrease with the addition of 2 and 4% Si-69/ treated CB/PCC filler loading. At 6% concentration of Si69, crosslink density increases to about 15%. Up to 6% of Si-69 treated CB/PCC filler, 30% reduction of crosslink 
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density occurs due to the weak secondary and tertiary bonds of hydroxyl group of Si-69 and rubber phases. These types of bonding are weak compared to the primary hydroxyl group.
CONCLUSIONS
In this study, the Si69 treated -CB/PPC composites were successfully prepared. The amount of Si 69 requires to improve the interaction between polar and non-polar materials is identified based on the properties which were cure characteristics, mooney viscosity and crosslink density. The results suggest that the scorch and cure time approximately increased with increase of crosslink concentration when increasing Si 69 loading up to the optimum value.
Beyond the optimum amount of silane loading, the crosslink concentration decreases due to the self-adhesion of the excess silane particles which tend to interact with itself and act as a barrier to the rubber molecules to form interaction with the treated fillers resulting in fewer formation of crosslinking and making the mobility of the rubber and filler particles to increase due to the plasticising effect caused by the excess of Si 69 content.
